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(57) ABSTRACT

Semiconductor devices and methods of fabricating the same
are provided. The semiconductor device includes a substrate
having a first conductive type. A second conductive type first
epitaxial layer 1s disposed over the substrate. A second
conductive type second epitaxial layer 1s disposed over the
second conductive type first epitaxial layer. An active region
of the substrate includes a first conductive type buried layer
in the second conductive type first and second epitaxial
layers. A first conductive type doped well region 1s disposed
in the second conductive type second epitaxial layer. A
second conductive type heavily doped region 1s disposed
over the first conductive type doped well region. A first
trench 1solation feature 1s disposed in the substrate. In
addition, a first conductive type doped region 1s disposed
between a bottom surface of the first trench 1solation feature
and the first conductive type buried layer.
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SEMICONDUCTOR DEVICES AND
METHODS OF FABRICATING THE SAME

CROSS REFERENCE TO RELATED
APPLICATIONS

This Application claims priority of Taiwan Patent Appli-
cation No. 106146497, filed on Dec. 29, 2017, the entirety
of which 1s incorporated by reference herein.

BACKGROUND

Field

The disclosure relates to semiconductor devices and fab-
rication methods thereof, and more particularly, to transient-
voltage-suppression (IVS) diode devices and methods of
fabricating the same.

Description of the Related Art

Transient-voltage-suppression (ITVS) diodes are usually
used for protecting integrated circuits from being damaged
by transient over-voltage (or over-current) events which
may accidentally occur. Examples of such events include
clectrostatic discharge (ESD), rapid transient voltage (or
current), and lightning. When the TVS diodes are subjected
to the above transient over-voltage (or over-current) events,
the working impedances of the TVS diodes are immediately
reduced to an extreme low turn-on value, and thereby allow
a large current to pass through. At the same time, the voltage
1s limited to a predetermined level. Therefore, the TVS
diodes are widely used 1n electric supply lines and data lines
of umiversal serial bus (USB), digital video interface, Fast
Ethernet, notebook computers, displays, flat-panel displays
etc. as a circuit protection element. However, TVS diodes
are continuously challenged by further reducing capacitance
while using simple and low-cost fabricating processes.

Theretore, a TVS diode which can overcome the above
1ssues 1s required in this technical field.

BRIEF SUMMARY

In some embodiments, a semiconductor device 1s pro-
vided. The semiconductor device includes a substrate having
a lirst conductive type and an active region. The semicon-
ductor device also 1ncludes a second conductive type {first
epitaxial layer disposed over the substrate, wherein the
second conductive type first epitaxial layer has a second
conductive type, and the second conductive type 1s diflerent
from the first conductive type. The semiconductor device
turther includes a second conductive type second epitaxial
layer disposed over the second conductive type first epitaxial
layer, wherein the second conductive type second epitaxial
layer has the second conductive type. The active region
includes a first conductive type burnied layer disposed 1n the
second conductive type first epitaxial layer and the second
conductive type second epitaxial layer. The active region
also 1ncludes a first conductive type doped well region
disposed 1n the second conductive type second epitaxial
layer and having the first conductive type. The active region
turther includes a second conductive type heavily doped
region disposed over the first conductive type doped well
region and having the second conductive type. In addition,
the active region includes a first trench 1solation feature
disposed 1n the substrate, and a first conductive type doped
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2

region disposed between a bottom surface of the first trench
1solation feature and the first conductive type buried layer.
In some embodiments, a method of fabricating a semi-
conductor device 1s provided. The method includes provid-
ing a substrate having a first conductive type and an active
region. The method also includes performing a first epitaxial
growth process to form a second conductive type first
epitaxial layer over the substrate, wherein the second con-
ductive type first epitaxial layer has a second conductive
type, and the second conductive type 1s different from the
first conductive type. The method further includes performs-
ing a {irst 1on implantation process to form a first conductive
type buried layer 1n the second conductive type first epitaxial
layer 1n the active region, wherein the first conductive type
buried layer has the first conductive type. In addition, the
method includes performing a second epitaxial growth pro-
cess to form a second conductive type second epitaxial layer
over the second conductive type first epitaxial layer, wherein
the second conductive type second epitaxial layer has the
second conductive type. The method also includes forming,
a {irst trench 1n the second conductive type second epitaxial
layer 1n the active region, wherein a bottom surface of the
first trench 1s located between a top surface of the second
conductive type second epitaxial layer and the first conduc-
tive type buried layer. The method further includes perform-
ing a second ion implantation process to form a first con-
ductive type doped region in the second conductive type
second epitaxial layer that 1s exposed by the bottom surface
of the first trench. In addition, the method includes forming
a first trench 1solation feature in the first trench, and forming
a second trench 1solation feature at a boundary of the active
region. In addition, the method includes performing a third
ion i1mplantation process to form a {first conductive type
doped well region 1n the second conductive type second
epitaxial layer in the active region, wherein the first con-
ductive type doped well region has the first conductive type.
A detailed description 1s given in the following embodi-
ments with reference to the accompanying drawings.

BRIEF DESCRIPTION OF DRAWINGS

i

The embodiments of the disclosure can be more fully
understood by reading the subsequent detailed description
and examples with references made to the accompanying
drawings. For clarity of illustration, various elements in the
drawings may not be drawn 1n scale, wherein:

FIGS. 1 to 9 show schematic cross sections of various
intermediate stages of a method of fabricating a semicon-
ductor device according to some embodiments.

DETAILED DESCRIPTION

The following description 1s the contemplated mode of
carryving out some embodiments of the disclosure. The
following disclosure provides many different embodiments
for implementing different features of the disclosure. Vari-
ous components and arrangements 1n the embodiments are
made for the purpose of 1llustrating the general principles of
some embodiments of the invention and should not be taken
in a limiting sense. In addition, the present disclosure may
repeat reference numerals and/or letters in the figures of
embodiments. This repetition 1s for the purpose of simplicity
and clarity and does not in 1itself dictate a relationship
between the various embodiments.

According to embodiments of the disclosure, semicon-
ductor devices and methods of fabricating the same, for
example transient-voltage-suppression (1TVS) diode devices
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and methods of fabricating the same are provided. During
fabrication of transient-voltage-suppression (ITVS) diode
devices, between two 1on implantation processes for form-
ing a buried layer and a doped well region, respectively, a
shallow trench 1s formed directly on the buried layer 1n an
active region (also referred to as a device region) and then
a trench 1on 1implantation process 1s performed. In which, the
buried layer and the doped well region have a conductive
type that 1s opposite to another conductive type of an
epitaxial layer. The trench 10n 1implantation process implants
a dopant having the same conductive type as that of the
buried layer from the bottom surface of the shallow trench.
Thereafter, an 1solation feature 1s formed to fill the shallow
trench. Next, an 1on implantation process for the doped well
region 1s performed, which has the same process condition
as that of the trench 10n implantation process. The shallow
trench and the trench ion implantation process can form a
connecting doped region for connecting the buried layer and
the doped well region which have the same conductive type
but different depths. The connecting doped region can avoid
forming an undesired silicon controlled rectifier structure
that 1s due to a poor connection between the buried layer and
the doped well region caused by conventional processes.
Moreover, an 1on implantation equipment with a low
implantation energy (such as several thousands of electron
volt (KeV)) 1s used to form the doped region having a deep
depth of about 6 um to about 8 um.

FIGS. 1 to 9 show schematic cross sections of various
intermediate stages of a method of fabricating a semicon-
ductor device 500 according to some embodiments. For
example, the various mtermediate stages as shown 1 FIGS.
1 to 9 are used for forming the semiconductor device 500 of
a transient-voltage-suppression (1TVS) diode device. How-
ever, the various itermediate stages as shown in FIGS. 1 to
9 can also be used for other types of semiconductor devices.
Referring to FIG. 1, firstly, a substrate 200 1s provided. The
substrate 200 1s doped with a dopant to have a first conduc-
tive type. For example, while the first conductive type 1s
p-type, the substrate 200 1s a p-type substrate. In some
embodiments, the substrate 200 has a dopant concentration
of about 10'° atoms/cm” to about 10*' atoms/cm’, and
thereby the substrate 200 1s a heavily doped p-type substrate.
In some embodiments, the substrate 200 1s a silicon sub-
strate. In some other embodiments, the substrate 200 1s made
of silicon-germanium (Si1Ge), bulk semiconductor, strained
semiconductor, compound semiconductor, or other suitable
semiconductor maternals.

As shown 1n FIG. 1, the substrate 200 includes several
trench 1solation feature defined regions 202 to define the
area ol an active region 204 for forming a semiconductor
device. In some embodiments, the active region 204 1is
provided to form one semiconductor device thereon, and
thereby the active region 204 can be referred to a device
region. Accordingly, the trench isolation feature defined
regions 202 for electrically isolating different devices (or
device regions) can be located at the boundary of the active
region 204. In some embodiments as shown in FIG. 1, the
trench 1solation feature defined regions 202 are extended
along a direction that 1s perpendicular to a top surface 201
of the substrate 200 and 1s arranged along another direction
that 1s parallel to the top surface 201 of the substrate 200 to
define the active region 204 of the substrate 200. In some
other embodiments, the number of the trench isolation
features can be increased to divide the substrate 200 into
multiple adjacent active regions.

Referring to FIG. 2, then an epitaxial growth process 1s
performed to form a second conductive type epitaxial layer
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4

206 on the entire top surface 201 of the substrate 200. The
epitaxial growth process includes for example metal organic
chemical vapor deposition (MOCVD), metal-organic vapor-
phase epitaxy (MOVPE), plasma enhanced chemical vapor
deposition (PECVD), remote plasma chemical vapor depo-
sition (RPCVD), molecular beam epitaxy (MBE), hydnde
vapor phase epitaxy (HVPE), liguid-phase epitaxy (LPE),
chloride-vapor phase epitaxy (CI-VPE), or similar epitaxy
methods. In some embodiments, during performing the
epitaxial growth process, phosphine or arsine 1s added to the
reactant gas for performing an in-situ doping to form the
second conductive type epitaxial layer 206. In some other
embodiments, an un-doped epitaxial layer (not shown) is
firstly formed and then the un-doped epitaxial layer 1s doped
with phosphorus 10on or arsenic ion to form the second
conductive type epitaxial layer 206.

The matenal of the second conductive type epitaxial layer
206 includes silicon, germanium, silicon-germanium
(S1Ge), Group III-V compounds, or a combination thereof.
The second conductive type epitaxial layer 206 has a second
conductive type, and the second conductive type 1s diflerent
from the first conductive type. For example, when the first
conductive type 1s P-type, the second conductive type 1s
N-type, and the second conductive type epitaxial layer 206
can be referred to an N-type epitaxial layer 206. In some
embodiments, the second conductive type epitaxial layer
206 has a dopant concentration of about 10™° atoms/cm” to
about 10'° atoms/cm’. In addition, the second conductive
type epitaxial layer 206 has a thickness T1 of about 3 um to
about 8 um, for example about 5 um.

Next, referring to FIG. 3, an 1on implantation process 1s
performed to form a first conductive type buried layer 208
in the second conductive type epitaxial layer 206 1n the
active region 204. The first conductive type buried layer 208
has the first conductive type. For example, when the first
conductive type 1s P-type, the first conductive type buried
layer 208 can be referred to a P-type buried layer 208. In
some embodiments, the first conductive type buried layer
208 has a dopant concentration that 1s greater than a dopant
concentration of the substrate 200 having the first conduc-
tive type. For example, the first conductive type buried layer
208 has a dopant concentration of about 10'® atoms/cm” to
about 10" atoms/cm’. Moreover, a top surface of the first
conductive type buried layer 208 1s level with a top surface
207 of the second conductive type epitaxial layer 206. A
bottom surface 209 of the first conductive type buried layer
208 15 located 1n the second conductive type epitaxial layer
206 and does not extend to contact an interface between the
second conductive type epitaxial layer 206 and the substrate
200, 1n which the interface 1s located at the top surface 201
of the substrate 200. In addition, two sides of the first
conductive type buried layer 208 are respectively at the
trench 1solation feature defined regions 202. In some
embodiments, after the first conductive type buried layer
208 1s formed, an annealing process 1s performed to make
the dopants 1n the first conductive type buried layer 208
diffuse umiformly.

Then, referring to FIG. 4, another epitaxial growth pro-
cess 1s performed to form a second conductive type epitaxial
layer 210 on the entire second conductive type epitaxial
layer 206. The second conductive type epitaxial layer 210
completely covers the second conductive type epitaxial layer
206, and the top surface 207 and the bottom surface (located
at the top surface 201 of the substrate 200) of the second
conductive type epitaxial layer 206 are respectively adjacent
to the bottom surface of the second conductive type epitaxial
layer 210 and the top surface 201 of the substrate 200. The
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second conductive type epitaxial layer 210 has the second
conductive type. For example, when the first conductive
type 1s P-type, the second conductive type 1s N-type, and the
second conductive type epitaxial layer 210 can be referred to
an N-type epitaxial layer 210. In some embodiments, the
process, the dopant concentration and a thickness T2 of the
second conductive type epitaxial layer 210 are the same as
or similar to those of the second conductive type epitaxial
layer 206. In some other embodiments, the thickness 12 of
the second conductive type epitaxial layer 210 may be larger
or smaller than the thickness T1 of the second conductive
type epitaxial layer 206.

In some embodiments, during the process of forming the
second conductive type epitaxial layer 210, the dopant in the
first conductive type buried layer 208 that 1s located in the
second conductive type epitaxial layer 206 can diffuse from
the second conductive type epitaxial layer 206 1nto a part of
the second conductive type epitaxial layer 210 to form a
diffused first conductive type buried layer 208A. Therelore,
the diffused first conductive type buried layer 208A 1s
located 1n the second conductive type epitaxial layer 206 and
the second conductive type epitaxial layer 210, and 1s close
to the interface between the second conductive type epitaxial
layer 206 and the second conductive type epitaxial layer
210, 1n which the interface 1s located at the top surtace 207
of the second conductive type epitaxial layer 206.

In some other embodiments, one-step epitaxial growth
process 1s used to form a second conductive type epitaxial
single layer with a thick thickness, which can replace the
two-step epitaxial growth process of respectively forming
the two second conductive type epitaxial layers 206 and 210
with a thinner thickness 1n each epitaxial layer. Therefore,
the thickness of the second conductive type epitaxial single
layer can be a total thickness of the two second conductive
type epitaxial layers 206 and 210 (the sum of the thickness
T1 and the thickness 12). In addition, after the second
conductive type epitaxial single layer 1s formed, an 1on
implantation process 1s performed to form the first conduc-
tive type buried layer 208 therein.

Next, referring to FIG. 5, a patterning process 1S per-
formed to form one or more trench 212 in the second
conductive type epitaxial layer 210 1n the active region 204.
In some embodiments, the patterning process includes a
photolithography process and a subsequent etching process.
The photolithography process 1s used to form a patterned
mask (not shown), for example a patterned photoresist or a
patterned hard mask, on a top surface 211 of the second
conductive type epitaxial layer 210. The patterned mask has
an opening to expose a portion of the second conductive type
epitaxial layer 210. Then, the exposed portion of the second
conductive type epitaxial layer 210 1n the active region 204
1s removed by the etching process to form the multiple
trenches 212. In which, the portion of the second conductive
type epitaxial layer 210 1n the active region 204 i1s located
between the trench 1solation feature defined regions 202 (or
surrounded by the trench 1solation feature defined regions
202) of the substrate 200.

Each of the trenches 212 1s respectively extended from the
top surface 211 of the second conductive type epitaxial layer
210 to pass through a part of the second conductive type
epitaxial layer 210. In some embodiments, each of the
trenches 212 has a depth H1 (from the top surface 211 of the
second conductive type epitaxial layer 210 to a bottom
surface 216 of the trench 212). The depth H1 of the trench
212 1s smaller than the thickness T2 of the second conduc-
tive type epitaxial layer 210. Moreover, the bottom surface
216 of each the trench 212 1s located between the top surface
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211 of the second conductive type epitaxial layer 210 and the
diffused first conductive type buried layer 208A. In other
words, the diflused first conductive type buried layer 208 A
1s disposed directly under the bottom surface 216 of the
trench 212. Moreover, a boundary 209A of the diffused first

conductive type buried layer 208A 1s separated from the
bottom surface 216 of the trench 212 by a distance. The
above-mentioned etching process includes a dry etching, a
wet etching or a combination thereof. The wet etching
includes an immersion etching, a spray etching, a combina-
tion thereof, or other suitable wet etching. The dry etching
includes a capacitively coupled plasma etching, an induc-
tively coupled plasma etching, a helical plasma etching, an
clectron cyclotron resonance plasma etching, a combination
thereof, or other suitable dry etching. The gas used for the
dry etching includes nert gas, fluorine-containing gas, chlo-
ride-containing gas, bromine-containing gas, 1odine-con-
taining gas, a combination thereof, or other suitable gas. In
some embodiments, the gas used for the dry etching includes
Ar, CF,, SF, CH,F,, CHF;, C,F, Cl,, CHCl;, CCl,, HBr,
CHBr,, BF,, BCl,, a combination thereof, or other suitable
gas.

Then, referring to FIG. 6, a trench 1on implantation
process 220 1s performed to form a first conductive type
doped region 222 1n a portion of the second conductive type
epitaxial layer 210 that 1s exposed by the bottom surface 216
and a side surface 214 of the trench 212. The first conductive
type doped region 222 has the first conductive type. For
example, when the first conductive type 1s P-type, the first
conductive type doped region 222 can be referred to a P-type
doped region 222. In some embodiments, the first conduc-
tive type doped region 222 may surround the bottom surface
216 of the trench 212. Alternatively, the first conductive type
doped region 222 may surround a part of the side surface
214 of the trench 212. Therefore, a depth of the first
conductive type doped region 222 can be determined by the
depth H1 of the trench 212. In addition, a boundary 223 of
the first conductive type doped region 222 may overlap the
boundary 209A of the diffused first conductive type buried
layer 208 A, or may be separated from the boundary 209A of
the diffused first conductive type buried layer 208A by a
distance that 1s smaller than or equal to 1 um. In some
embodiments, the first conductive type doped region 222 has
a dopant concentration of about 10"’ atoms/cm” to about
10°° atoms/cm’. In some embodiments, the dopant concen-
tration of the diflused first conductive type buried layer
208A can be designed to be greater than the dopant con-
centration of the first conductive type doped region 222 by
at least one order of magnitude. For example, when the
dopant concentration of the first conductive type doped
region 222 is about 10" atoms/cm”, the dopant concentra-
tion of the diffused first conductive type buried layer 208 A
is about 10'® atoms/cm” to about 10°" atoms/cm”.

Next, referring to FIG. 7, trench 1solation features 228 are
formed 1n the trenches 212 (as shown 1 FIG. 6) 1n the active
region 204. At the same time, trench 1solation features 230
are formed 1n the trench isolation feature defined regions
202 that 1s adjacent to the active region 204 (i.e. at the
boundary of the active region 204). In some embodiments,
the trench 1solation feature 228 located 1n the active region
204 fully fills the trench 212 (as shown in FIG. 6) and
extends from the top surface 211 of the second conductive
type epitaxial layer 210 into a part of the second conductive
type epitaxial layer 210. In some embodiments, the depth of
the trench 1solation feature 228 1s the same as the depth H1
of the trench 212. In addition, the trench isolation feature
230 located 1n the trench 1solation feature defined region
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202, which 1s adjacent to the active region 204, extends from
the top surface 211 of the second conductive type epitaxial
layer 210 to pass through the bottom surface of the second
conductive type epitaxial layer 206 (located at the top
surface 201 of the substrate 200) into the substrate 200. In
other words, the depth H2 of each the trench 1solation
feature 230 from the top surface to the bottom surface
thereot 1s larger than the depth H1 of the trench 1solation
teature 228 from the top surface to the bottom surface
thereol.

In some embodiments, the trench i1solation features 230
are located outside of the trench 1solation features 228 and
surround the trench isolation features 228. Moreover, the
diffused first conductive type buried layer 208 A 1s adjacent
to the trench 1solation features 230 and located directly
under the trench 1solation features 228. The diffused first
conductive type buried layer 208A may be separated from a
bottom surface 226 of the trench 1solation feature 228 by a
distance. In addition, the diffused first conductive type
buried layer 208 A 1s located between the bottom surface 226
of the trench 1solation feature 228 and a bottom surface 229
of the trench 1solation feature 230.

In some embodiments, the trench i1solation feature 228
includes a shallow trench 1solation (STI) feature, and the
trench 1solation feature 230 includes a deep trench 1solation
(DTI) feature. The trench 1solation features 228 and 230 may
be formed by performing a patterning process on the sub-
strate 200 and the second conductive type epitaxial layers
206 and 210 thereon, subsequently performing an msulating
materal filling process and then performing a planarization
process.

In some embodiments, the patterning process includes a
photolithography process and a subsequent etching process.
The photolithography process 1s used to form a patterned
mask (not shown), for example a patterned photoresist or a
patterned hard mask, on the top surface 211 of the second
conductive type epitaxial layer 210. The patterned mask has
an opening to expose a portion of the second conductive type
epitaxial layer 210 in the trench isolation feature defined
region 202. Then, the patterned mask 1s used to perform the
etching process to remove a portion of the second conduc-
tive type epitaxial layer 210, a portion of the second con-
ductive type epitaxial layer 206 and a portion of the substrate
200 for forming multiple trenches (not shown) 1n the trench
1solation feature defined regions 202. The multiple trenches
respectively extend from the top surface 211 of the second
conductive type epitaxial layer 210 to pass through the
second conductive type epitaxial layer 210, and further
extend to pass through the bottom surface of the second
conductive type epitaxial layer 206 (located at the top
surface 201 of the substrate 200) into the substrate 200. The
above-mentioned etching process includes a dry etching, a
wet etching or a combination thereof. The wet etching
includes an immersion etching, a spray etching, a combina-
tion thereol, or other suitable wet etching. The dry etching
includes a capacitively coupled plasma etching, an induc-
tively coupled plasma etching, a helical plasma etching, an
clectron cyclotron resonance plasma etching, a combination
thereol, or other suitable dry etching. The gas used for the
dry etching includes inert gas, fluorine-containing gas, chlo-
ride-containing gas, bromine-containing gas, 1odine-con-
taining gas, a combination thereof, or other suitable gas. In
some embodiments, the gas used for the dry etching includes
Ar, CF,, SF., CH,F,, CHF,, C,F ., Cl,, CHCl,, CCl,, HBr,
CHBr,, BF,, BCl;, a combination thereof, or other suitable
gas.
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In some embodiments, the trenches in the active region
and at the boundary thereof are fully filled with an insulating
material (not shown) by the msulating matenial filling pro-
cess. The sulating material filling process includes a
chemical vapor deposition (CVD), a low pressure chemical
vapor deposition (LPCVD), a low temperature chemical
vapor deposition (LTCVD), a rapid thermal chemical vapor
deposition (RTCVD), a plasma enhanced chemical vapor
deposition (PECVD), an atomic layer deposition (ALD) of
atomic layer chemical vapor deposition, or other suitable
deposition. The insulating material includes silicon oxide,
silicon nitride, silicon oxynitride, other suitable insulating,
material, or a combination thereof.

In some embodiments, the isulating matenial on the top
surface 211 of the second conductive type epitaxial layer
210 1s removed by the planarization process. The planariza-
tion process includes a chemical-mechanical polishing
(CMP) process and/or an etch-back process. After the above-
mentioned processes are performed, the trench 1solation
features 228 are formed 1n the trenches 212 (as shown 1n
FIG. 6) 1n the active region 204, and the trench 1solation
features 230 are formed i1n the trench 1solation feature
defined regions 202 that are adjacent to the active region 204
(1.e. at the boundary of the active region 204).

In some embodiments, during the formation of the trench
1solation features 228 and 230, the different first conductive
type doped regions 222 located under the different trench
1solation features 228 are combined into one diffused first
conductive type doped region 222A due to the dopants 1n the
different first conductive type doped regions 222 diffusing
toward each other. The diffused first conductive type doped
region 222A has a boundary 223A overlapped with the
bottom surface 226 of the trench 1solation feature 228 and
the boundary 209A of the diflused first conductive type
buried layer 208 A. Moreover, the diffused first conductive
type doped region 222A may contact and surround the
bottom surface 226 of the trench 1solation feature 228. In
some embodiments, the diffused first conductive type doped
region 222A may contact and surround a part of the sidewall
of the trench 1solation feature 228 (located at the sidewall
214 of the trench 212 as shown in FIG. 6).

Referring to FIG. 8, another 10n implantation process 232
1s then performed on the second conductive type epitaxial
layer 210 1n the active region 204 to form a first conductive
type doped well region 234. The first conductive type doped
well region 234 has the first conductive type. For example,
when the first conductive type 1s P-type, the first conductive
type doped well region 234 can be referred to a P-type doped
well region 234. In some embodiments, the first conductive
type doped well region 234 has a dopant concentration of
about 10" atoms/cm” to about 10°° atoms/cm”.

In some embodiments, the first conductive type doped
well region 234 1s located over the diffused first conductive
type doped region 222A and the diflused first conductive
type buried layer 208A. The first conductive type doped well
region 234 has a top surface that 1s level with the top surtace
211 of the second conductive type epitaxial layer 210. The
first conductive type doped well region 234 has a bottom
surface that 1s overlapped with the boundary 223A of the
diffused first conductive type doped region 222A and/or the
boundary 209A of the diffused first conductive type buried
layer 208 A. The first conductive type doped well region 234
has a depth that 1s smaller than or equal to the depth of the
diffused first conductive type doped region 222A while
determined from the top surface 211 of the second conduc-
tive type epitaxial layer 210. In addition, the first conductive
type doped well region 234 may partially contact or sur-
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round the diffused first conductive type doped region 222A,
and the sidewalls of the first conductive type doped well
region 234 may contact the trench isolation features 228 and
230.

In some embodiments, the 1on implantation process 232
and the 1on implantation process 222 as shown in FIG. 6
have the same process condition. For example, the 1on
implantation process 232 and the 1on implantation process
222 as shown 1n FIG. 6 have the same dopant, 1on implan-
tation energy and 1ion implantation dose. In addition, both the
ion 1mplantation processes 222 and 232 can be performed by
using an ion implantation equipment with a low implanta-
tion energy (such as several thousands of electron volt
(KeV)). Theretfore, the first conductive type doped well
region 234 and the diffused first conductive type doped
region 222A in different depths have the same dopant
concentration and are formed by using the same 10n 1mplan-
tation equipment.

In some embodiments, the first conductive type doped
well region 234 1s connected to the diffused first conductive
type buried layer 208 A through the diffused first conductive
type doped region 222A formed by the above-mentioned
step. There 1s no second conductive type dopant (such as the
dopant of the second conductive type epitaxial layer 206)
presented between the first conductive type doped well
region 234 and the diffused first conductive type buried layer
208A, and thereby an undesired silicon controlled rectifier
(SCR) structure 1s not formed. Accordingly, the diflused first
conductive type doped region 222 A can be referred to a first
conductive type connecting doped region.

Next, referring to FIG. 9, another 1on implantation pro-
cess 15 performed to form a second conductive type heavily
doped region 238 on the first conductive type doped well
region 234 in the active region 204, in which the first
conductive type doped well region 234 1s surrounded by the
trench 1solation features 228. The second conductive type
heavily doped region 238 has the second conductive type.
For example, when the first conductive type 1s P-type, the
second conductive type 1s N-type, and the second conduc-
tive type heavily doped region 238 has a dopant concentra-
tion of about 10'” atoms/cm’ to about 10°" atoms/cm>, the
second conductive type heavily doped region 238 can be
referred to a N-type heavily (N) doped region 238. In
addition, the diffused first conductive type doped region
222A 1s disposed under the bottom surface 226 of the trench
1solation feature 228, and is disposed between the diffused
first conductive type buried layer 208A and the second
conductive type heavily doped region 238.

Then, another 10n 1mplantation process 1s optionally per-
formed to form a first conductive type heavily doped region
236 on the first conductive type doped well region 234 1n the
active region 204. The first conductive type heavily doped
region 236 has the first conductive type. For example, when
the first conductive type 1s P-type and the first conductive
type heavily doped region 236 has a dopant concentration of
about 10'” atoms/cm’ to about 10*' atoms/cm’, the first
conductive type heavily doped region 236 can be referred to
a P-type heavily (P™) doped region 236. Moreover, the first
conductive type heavily doped region 236 can be used as a
pick-up doped region of the first conductive type doped well
region 234. After the above-mentioned processes, the semi-
conductor device 300 according to some embodiments 1s
completed.

As shown 1n FIG. 9, 1n some embodiments, the substrate
200 of the semiconductor device 500 1s electrically coupled
to ground, and the bottom of the substrate 200 1s indicated

with a ground symbol and letters of GND as shown 1n FIG.
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9. In addition, the second conductive type heavily doped
region 238 in the active region 204 of the semiconductor
device 500 1s electrically coupled to a high-voltage (Vcc)
node 300.

As shown 1n FIG. 9, in the semiconductor device 500, a
PN junction 1s formed at the interface between the second
conductive type epitaxial layer 206 in the active region 204
and the substrate 200 with the first conductive type. In
which, the interface between the second conductive type
epitaxial layer 206 in the active region 204 and the first
conductive type substrate 200 1s indicated with a diode
symbol of D1. The diode D1 is constituted from the second
conductive type epitaxial layer 206 and the substrate 200
with the first conductive type.

As shown 1n FIG. 9, in the semiconductor device 500, a
PN junction 1s formed at the interface between the second
conductive type epitaxial layer 206 in the active region 204
and the diffused first conductive type buried layer 208A. In
which, the interface between the second conductive type
epitaxial layer 206 and the diffused first conductive type
buried layer 208 A 1s indicated with a diode symbol of D2.
The diode D2 1s constituted from the second conductive type
epitaxial layer 206 and the diffused first conductive type
buried layer 208A.

As shown 1n FIG. 9, in the semiconductor device 500, a
PN junction 1s formed at the interface between the first
conductive type doped well region 234 1n the active region
204 and the second conductive type heavily doped region
238. In which, the interface between the first conductive
type doped well region 234 and the second conductive type
heavily doped region 238 1s indicated with a diode symbol
of D3. The diode D3 1s constituted from the diffused first
conductive type doped region 222A, the first conductive
type doped well region 234 and the second conductive type
heavily doped region 238.

Through the above-mentioned electrical connections, an
anode of the diode D1 (the first conductive type substrate
200) 1s electrically coupled to the ground GND, and a
cathode of the diode D1 (the second conductive type epi-
taxial layer 206) 1s connected to a cathode of the diode D2
(the second conductive type epitaxial layer 206) with a
face-to-face connection. An anode of the diode D2 (the
diffused first conductive type buried layer 208A) 1s con-
nected to an anode of the diode D3 (the diffused first
conductive type doped region 222A and the first conductive
type doped well region 234) with a face-to-face connection.
In addition, a cathode of the diode D3 (the second conduc-
tive type heavily doped region 238) 1s electrically coupled to
the high-voltage (Vcc) node 300.

The embodiments of the disclosure provide semiconduc-
tor devices and methods of fabricating the same, for example
transient-voltage-suppression (I'VS) diode devices and
methods of fabricating the same. In the semiconductor
devices of the embodiments, shallow trenches are formed 1n
the active region (or device region), which 1s defined by
deep trench 1solation (DTI) features, for 1solating difierent
clements. Moreover, a trench 1on implantation process 1s
performed by utilizing the shallow trenches to implant a
dopant into an epitaxial layer through the bottom surface of
the shallow trenches to form a connecting doped region. The
connecting doped region 1s used for connecting a doped well
region with a shallow depth to a buried layer with a deep
depth 1n the semiconductor devices. Accordingly, the con-
necting doped region, the buried layer and the doped well
region have the same conductive type. Moreover, the con-
necting doped region 1s located between the buried layer and
the doped well region along a normal line direction of the
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top surface of the substrate. In addition, the trench 1on
implantation process of forming the connecting doped
region and a well region 10n implantation process of forming,
the doped well region have the same process condition (such
as dopant, 1on 1mplantation energy and ion i1mplantation
dose). Through forming the connecting doped region, the
semiconductor devices of the embodiments can avoid form-
ing an undesired silicon controlled rectifier structure that 1s
due to a poor connection between the buried layer and the
doped well region caused by conventional processes. More-
over, the breakdown voltage of the semiconductor devices of
the embodiments can be enhanced. In addition, the above-
mentioned trench 1on implantation process can be performed
by utilizing an 1on 1implantation equipment with a low 1on
implantation energy (such as several thousands of electron
volt (KeV)) to replace an 1on implantation equipment with
a high 10on implantation energy (such as several millions of
clectron volt (KeV)). Therefore, a connecting doped region
with a deep depth (for example about 6 um to about 8 um)
can be formed under a process condition with an effectively
reduced fabrication cost. The shallow trench formed 1n the
device region and the subsequent trench 1on 1mplantation
process of the embodiments of the disclosure can be applied
to other types of semiconductor devices to form a connect-
ing doped region with a predetermined depth (according to
the depth of the shallow trench in the device region). The
connecting doped region can be used for connecting mul-
tiple doped regions having diflerent depths to each other in
a semiconductor device. Moreover, 1n the embodiments of
the disclosure, two thin-epitaxial growth processes are uti-
lized to form a semiconductor device constituted from two
thin epitaxial layers (such as a transient-voltage-suppression
(TVS) diode device). Theretfore, the process steps of fabri-
cating the semiconductor device are simplified and the
fabrication cost thereof 1s also reduced.

While the mvention has been described by way of
example and 1n terms of the preferred embodiments, 1t
should be understood that the invention 1s not limited to the
disclosed embodiments. On the contrary, 1t 1s mtended to
cover various modifications and similar arrangements (as
would be apparent to those skilled in the art). Therefore, the
scope of the appended claims should be accorded the
broadest interpretation so as to encompass all such modifi-
cations and similar arrangements.

What 1s claimed 1s:

1. A semiconductor device, comprising;:

a substrate having a first conductive type and an active

region;

a second conductive type first epitaxial layer disposed
over the substrate, wherein the second conductive type
first epitaxial layer has a second conductive type, and
the second conductive type 1s different from the first
conductive type; and

a second conductive type second epitaxial layer disposed
over the second conductive type first epitaxial layer,
wherein the second conductive type second epitaxial
layer has the second conductive type;

wherein the active region comprises:

a first conductive type burnied layer disposed in the
second conductive type first epitaxial layer and the
second conductive type second epitaxial layer;

a first conductive type doped well region disposed 1n
the second conductive type second epitaxial layer
and having the first conductive type;

a second conductive type heavily doped region dis-
posed over the first conductive type doped well
region and having the second conductive type;
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a first trench 1solation feature disposed in the substrate;
and

a first conductive type doped region disposed between
a bottom surface of the first trench 1solation feature
and the first conductive type buried layer.

2. The semiconductor device as claimed in claim 1,
wherein the first conductive type doped region surrounds a
sidewall and the bottom surface of the first trench 1solation
feature.

3. The semiconductor device as claimed in claim 1,
wherein the first conductive type doped well region and the
first conductive type doped region have the same dopant
concentration.

4. The semiconductor device as claimed in claim 1,
further comprising a second trench 1solation feature dis-
posed 1n the substrate, wherein the second trench 1solation
feature has a second depth and 1s located at a boundary of the
active region.

5. The semiconductor device as claimed in claim 4,
wherein the second trench isolation feature extends from a
top surface of the second conductive type second epitaxial
layer and passes through a bottom surface of the second
conductive type first epitaxial layer ito the substrate.

6. The semiconductor device as claimed i1n claim 4,
wherein the first trench 1solation feature has a first depth and
extends from a top surface of the second conductive type
second epitaxial layer into a part of the second conductive
type second epitaxial layer.

7. The semiconductor device as claimed 1n claim 6,
wherein the first depth 1s smaller than the second depth.

8. The semiconductor device as claimed 1n claim 4,
wherein the second trench 1solation feature surrounds the
first trench 1solation feature.

9. The semiconductor device as claimed in claim 4,
wherein the first conductive type buried layer 1s adjacent to
the second trench 1solation feature and located directly under
the first trench 1solation feature.

10. The semiconductor device as claimed in claim 9,
wherein the first conductive type buried layer 1s separated
from the bottom surface of the first trench 1solation feature
by a distance.

11. The semiconductor device as claimed in claim 4,
wherein the first conductive type buried layer 1s located
between a bottom surface of the second trench isolation
feature and the bottom surface of the first trench 1solation
feature.

12. The semiconductor device as claimed in claim 1,
wherein the substrate and the second conductive type first
epitaxial layer constitute a first diode; the second conductive
type first epitaxial layer and the first conductive type buried
layer constitute a second diode; and the first conductive type
buried layer, the first conductive type doped well region and
the second conductive type heavily doped region constitute
a third diode.

13. The semiconductor device as claimed 1n claim 12,
wherein an anode of the first diode 1s electrically coupled to
a ground, a cathode of the first diode 1s electrically coupled
to a cathode of the second diode, an anode of the second
diode 1s electrically coupled to an anode of the third diode,
and a cathode of the third diode 1s electrically coupled to a
high-voltage node.

14. The semiconductor device as claimed 1in claim 1,
wherein the first trench 1solation feature surrounds the
second conductive type heavily doped region.

15. A method of fabricating a semiconductor device,
comprising;
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providing a substrate having a first conductive type and an
active region;

performing a first epitaxial growth process to form a
second conductive type first epitaxial layer over the
substrate, wherein the second conductive type first
epitaxial layer has a second conductive type, and the
second conductive type 1s different from the first con-
ductive type;

performing a first 1on 1implantation process to form a first
conductive type buried layer in the second conductive
type first epitaxial layer in the active region, wherein
the first conductive type buried layer has the first
conductive type;

performing a second epitaxial growth process to form a
second conductive type second epitaxial layer over the
second conductive type first epitaxial layer, wherein the
second conductive type second epitaxial layer has the
second conductive type;

forming a first trench 1n the second conductive type
second epitaxial layer 1n the active region, wherein a
bottom surface of the first trench 1s located between a
top surface of the second conductive type second
epitaxial layer and the first conductive type buried
layer;

performing a second 1on 1mplantation process to form a
first conductive type doped region 1n the second con-
ductive type second epitaxial layer that 1s exposed by
the bottom surface of the first trench;

forming a first trench 1solation feature 1n the first trench,
and forming a second trench 1solation feature at a
boundary of the active region; and

performing a third 1on 1mplantation process to form a first
conductive type doped well region 1n the second con-
ductive type second epitaxial layer in the active region,
wherein the first conductive type doped well region has

the first conductive type.
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16. The method as claimed 1n claim 15, further compris-
ing after the first conductive type doped well region 1is
formed, performing a fourth ion implantation process to
form a second conductive type heavily doped region over
the first conductive type doped well region that 1s sur-
rounded by the first trench isolation feature, wherein the
second conductive type heavily doped region has the second
conductive type.

17. The method as claimed in claim 15, wherein the
forming of the first trench 1solation feature and the second
trench 1solation feature comprises:

forming a second trench at the boundary of the active

region after the first conductive type doped region 1s
formed, wherein the second trench extends from a top
surface of the second conductive type second epitaxial
layer and passes through a bottom surface of the second
conductive type first epitaxial layer into the substrate;
and

filling the first trench and the second trench with an

insulating matenal.

18. The method as claimed 1n claim 15, wherein after the
second conductive type second epitaxial layer 1s formed, a
dopant 1n the first conductive type buried layer diffuses from
the second conductive type first epitaxial layer into a part of
the second conductive type second epitaxial layer.

19. The method as claimed in claim 15, wherein the
second 1on 1mplantation process and the third 1on 1mplan-
tation process are performed by the same dopant, the same
ion 1mplantation energy, or the same 1on implantation dose.

20. The method as claimed i1n claim 15, wherein a
boundary of the first conductive type doped region overlaps

a bottom surface of the first trench isolation feature and a
boundary of the first conductive type buried layer.
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